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Tri-Point Perspectives in Endocrine News

The tri-point perspectives were initiated by The Endocrine Society’s Research

Affairs Committee in the fall of 2003 as an editorial 

feature that would appeal to all of the Society’s members. The 

topics, authors and outside reviewers are selected by the committee

to deal with subject areas from three different angles—that of the

basic researcher, the clinical researcher and the physician in 

practice. The authors write their articles independently and later

work together to coordinate them. The drafts are reviewed by the

Research Affairs Committee chairs, by independent experts in the

specific topic area and then by the Endocrine News editors and

staff for grammar and style. 

If you have any comments or questions about the tri-point perspectives

feature, please email EndocrineNews@endo-society.org If you would like

to submit a Letter to the Editor responding to a tri-point perspective please

send your letter to ENLetters@endo-society.org (not longer than 200 words

and the editorial staff reserves the right to edit each submission).
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I t’s been seven years since the
first insulin-sensitizing thiazo-
lidinedione (TZD) appeared

on the market, and in that time,
TZDs have produced a number of
surprises. It is now clear that TZDs
(e.g. rosiglitazone and pioglita-
zone) have effects on metabolic
disease that extend well beyond
glucose lowering.

TZDs are synthetic ligands for
the nuclear receptor PPARγ 1,2.
Like most nuclear receptors,
PPARγ binds to specific DNA
sequences within its target genes.
In the presence of ligand, the
receptor undergoes a conforma-
tion change that allows the DNA-
bound receptor to interact with
transcriptional co-activator pro-
teins. This ultimately leads to an
increased rate of transcription.
PPARγ is expressed in a number of
tissues and modulates the expres-
sion of multiple genes within each
tissue. PPARγ is thus a “force-mul-
tiplier” that allows TZDs to regu-
late not just a single gene, but large
networks of physiologically-related
genes. Herein lies the power of
TZDs: whereas many drugs target
a single enzyme, TZDs can regu-
late entire metabolic pathways.

Initial studies demonstrated that
PPARγ is highly expressed in adi-
pose tissue and that TZDs pro-
mote adipogenesis in vitro and

increase white adipose mass in vivo.
In fact, it is now clear that TZDs
induce a battery of genes that
coordinate nearly all steps of
adipocyte triglyceride (TG) accu-
mulation including: free fatty acid
(FFA) release from circulating very
low density lipoproteins, glycerol
synthesis, uptake of FFA/glycerol
into adipocytes, and induction of

enzymes responsible for converting
FFAs/glycerol into the immediate
precursors for TG synthesis. 

These findings raise a surprising
question about TZD action: since
obesity is a major risk factor for
NIDDM, how can PPARγ ligands
relieve insulin resistance while
increasing adiposity? This paradox
is partially explained by the obser-
vation that TZDs promote a shift
of TGs from both visceral fat and
peripheral tissues (e.g. skeletal
muscle) toward subcutaneous fat3.
In effect, TZDs preferentially

increase adiposity in subcutaneous
fat. This is consistent with recent
findings that insulin resistance is
associated with an over-accumula-

tion of lipids in both visceral adi-
pose depots and within the cells of
insulin-resistant peripheral tissues4.
Preferential responsiveness of sub-
cutaneous fat may reflect a higher
level of expression of PPARγ in this
depot. It is also possible that differ-
ent fat depots display depot-specif-
ic differences in their ability to
induce certain lipogenic genes.

In addition to adipose tissue,
PPARγ is also expressed in vascular
endothelial cells, macrophage/
foam cells and vascular smooth
muscle. This provides a means for
TZDs to act directly on the vascu-
lature. Indeed, PPARγ ligands raise
HDL-cholesterol in NIDDM pa-
tients and reduce the number and
size of atherosclerotic lesions in
several rodent models. The effects
on HDL-cholesterol and lesion
size are mediated by induction of
LXRα, another nuclear receptor
that is co-expressed in the macro-
phage foam cell. LXRα promotes
cholesterol efflux from atheroscle-
ortic lesions by coordinately induc-
ing a cholesterol efflux pump
(ABCA1) and the HDL-associated
cholesterol acceptor apolipopro-
tein-AI. 

In contrast to the role of gene
activation in the above processes,
TZDs can also repress transcrip-
tion. The precise mechanism un-
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derlying transrepression is unclear.
However, the net effect of TZDs is
to inhibit the activity of transcrip-
tion factors (NF-kb, AP-1) that
regulate the expression of cyto-
kines and other inflammatory med-
iators. Thus, TZDs can inhibit the
initial inflammatory processes that
promote atherosclerosis, including
macrophage recruitment/attach-
ment and vascular smooth muscle
proliferation5. Some of the re-
ported anti-inflammatory effects of

TZDs occur via both PPARγ-
dependent and independent path-
ways. Examples of this dual-mode
of regulation include inducible
nitric oxide synthase, matrix metal-
loprotease-9 and cycloxygenase-2:
the promoters of these genes are
suppressed via PPARγ-dependent
and -independent mechanisms.

Many other genes can be down-
regulated by TZDs and it appears
that PPARγ may also be a master
regulator of inflammatory gene
expression. However, there is an
important cautionary note: many
of the reported anti-inflammatory
effects require supra-pharmacolog-
ic doses of TZDs. Therefore, it is
not clear if all the reported effects
occur at doses that are relevant to
TZD-treated patients.

TZDs also reduce blood pressure
and several potential mechanisms
have been described6. For example,
TZDs inhibit the expression of
endothelin-1, a vasoconstrictive
peptide expressed in endothelial
cells. TZDs may also promote
vasodilation by stimulating the
release of nitric oxide from the
endothelial cell. More recently,
PPARγ was found to be expressed in
renal glomeruli and collecting
ducts. Although the targets genes in

these cells have not been fully eluci-
dated, it is possible that TZD action
in the kidney contributes to blood
pressure control. However, PPARγ
activity in the kidney may be a dou-
ble-edged sword. Approximately 5
percent of patients on TZDs devel-
op peripheral or pulmonary edema
and preliminary data suggest this

could be secondary to TZD-
induced sodium retention.

Although PPARγ and its ligands
were once uniquely linked to fat
homeostasis, it is now clear that
they have multiple effects on
insulin resistance, atherosclerosis
and blood pressure regulation.
These ligands have clearly provided
many surprises in the past and we
should look for this trend to con-
tinue. EN
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T he worldwide prevalence of
type 2 diabetes has reached
epidemic proportions and

there is no evidence that this rapid
growth will “plateau” in the coming
years1,2. Changes in human behavior
and lifestyle observed over the last
century, which have promoted a
positive energy balance, weight gain
and obesity leading to the progres-
sive development of a metabolic dis-
ease evolving to glucose intolerance
and eventually to frank hyper-
glycemia, have resulted in a dramat-
ic increase in the incidence of dia-
betes worldwide. Therefore, there
has been a striking parallel increase
in the prevalence of obesity and type
2 diabetes3,4. 

Because of its high prevalence in
our population, the contribution
of type 2 diabetes as a major risk
factor for cardiovascular disease has
received considerable attention
from the medical community5,6. It
has even been proposed that type 2
diabetes should be considered as
an equivalent of coronary heart
disease (CHD)7,8. As many compli-
cations of type 2 diabetes are relat-
ed to hyperglycemia, achieving a
better glycemic control is obvious-
ly a very important therapeutic
objective. However, although it is
clear that it is clinically important
to reduce hemoglobin A1c
(HbA1c) levels, there is also
increasing evidence that hypergly-
cemia is not the main factor
responsible for the increased CHD
risk in type 2 diabetic patients 9. It
has rather been proposed that a

cluster of metabolic complications
referred to as the metabolic syn-
drome, which includes an athero-
genic dyslipidemia, an insulin re-
sistance state leading to a disturbed
plasma glucose/insulin homeo-
stasis, a thrombotic and inflam-
matory profile, as well as an endo-
thelial dysfunction, could substan-
tially increase the risk of CHD 10. 

Furthermore, the impact of the
metabolic syndrome on CHD risk
could be largely independent from
glycemic control or of the pres-
ence/absence of type 2 diabetes11.
As the metabolic syndrome is
largely a consequence of our
“toxic” lifestyle, it has been shown
that abdominal obesity, especially
visceral obesity, could represent the
main correlation of the metabolic
syndrome in our population 8,12.

The recognition of the metabol-
ic syndrome as a major and preva-
lent cause of CHD in the recently
published National Cholesterol
Education Program-Adult Treat-
ment Panel III (NCEP-ATP III)8

has generated considerable interest
in the medical community. In addi-
tion, NCEP-ATP III has proposed
simple clinical variables to identify
individuals at risk of having the
metabolic syndrome. Among the
five parameters (waist circumfer-
ence, triglycerides, high-density
lipoprotein (HDL)-cholesterol,
fasting glycemia, blood pressure)
used to identify carriers of the
metabolic syndrome, the introduc-
tion of waist circumference rather
than the body mass index has been

a giant conceptual leap, recogniz-
ing the significant role of abdomi-
nal obesity as the most prevalent
cause of insulin resistance and of
the metabolic syndrome in our
affluent, sedentary population.
Furthermore, these new guidelines
recognize the importance of ele-
vated triglycerides and of reduced
HDL-cholesterol concentrations as
useful lipid markers for the pres-
ence of an atherogenic “dysmeta-
bolic” milieu that is now referred
to as the metabolic syndrome. 

There is also evidence that the
increased CHD risk related to the
presence of the metabolic syn-
drome associated with abdominal
obesity and insulin resistance could
be partly mediated by metabolic
abnormalities that are not current-
ly assessed in daily clinical practice
(e.g. insulin, apolipoprotein B,
low-density lipoprotein (LDL)
size, C-reactive protein, adipokines
such as interleukin-6, tumor necro-
sis factor-a and adiponectin con-
centrations)13. It is therefore sug-
gested that in order to optimally
manage CHD risk in type 2 diabet-
ic patients, attention should be
given not only to the level of
glycemic control, but also to the
improvement of insulin resistance
and of features of the metabolic
syndrome. For the time being,
although we know that the meta-
bolic syndrome substantially in-
creases the risk of CHD11,14, we do
not know which of its features
(insulin resistance/hyperinsuline-
mia, small LDL particles, reduced
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adiponectin levels, increased C-
reactive protein, etc.) are critical
therapeutic targets for the optimal
management of CHD risk in type 2
diabetic patients. 

Results of clinical trials conduct-
ed on or including type 2 diabetic
patients have shown the benefits of
reducing blood pressure15,16, and of
improving the dyslipidemic pro-
file17,18 of these patients. The intro-
duction of insulin sensitizers
(PPAR-g agonists) in clinical prac-
tice will provide an opportunity to
test whether improving in vivo
insulin action will slow the pro-
gression of atherosclerosis and
reduce the risk of cardiovascular
events in type 2 diabetes. Thia-
zolidinediones have been reported
to have favourable effects on sever-
al features of the metabolic syn-
drome 19 including inflammation 20

and whether such metabolic im-
provements will translate into car-
diovascular benefits beyond the
impact of this class of drugs on
glycemic control is currently under
investigation.

Finally, as abdominal obesity
represents the most prevalent form
of the metabolic syndrome in our
population, waist girth should be
considered as one of the key
screening tools to track patients
with insulin resistance and the
metabolic syndrome in clinical
practice. Thus, in addition to
improving insulin sensitivity and
managing hypertension and the
dyslipidemic state, clinicians should
also consider lowering body weight
and reducing the waist girth of
their patients as important thera-
peutic targets10,12. 

Unfortunately, we have engi-
neered for our population a toxic
sedentary environment and easy
access to inexpensive processed
foods with high energy density and
poor nutritional value. The battle
against the epidemic of the meta-
bolic syndrome and type 2 diabetes
will not be successfully fought by
our current medical system as it
will clearly require a multi-discipli-
nary approach. EN
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phase insulin levels, and lower
insulin sensitivity in African-Am-
erican subjects5. Goran et al, has
shown that Hispanic youth are also
more insulin resistant compared to
Caucasian children6. 

Puberty is a state of relative
insulin resistance and there is an
increase in basal and stimulated
insulin secretion during the progres-
sion through normal puberty7. It
has been shown that insulin-mediat-
ed glucose disposal is on average 
30 percent lower in Tanner 2-4
puberty compared to that seen in
Tanner 1 children during hyperinsu-
linemic euglycemic clamp studies.
More female youth have type 2 dia-
betes than adolescent males. The

female:male ratio is 1.7:1. It is
hypothesized that this is due to ele-
ments of the polycystic ovary syn-
drome (PCOS)8. Physical activity
increases insulin sensitivity and over-
weight youth undergoing regular
exercise show a fall in fasting insulin
levels that increase again with the
return in sedentary lifestyle9. 

Metabolic syndrome occurs
with a high rate in overweight
youth. Recent cross-sectional data
obtained from National Health
and Nutrition Examination Survey
III (NHANES III) evaluating
2430 youth between the ages of
12-19 years and using modified
National Cholesterol Education
Program (NCEP) criteria, found

an overall prevalence of metabolic
syndrome in youth to be 4.2 per-
cent; however, this increased to 28
percent in overweight youth10.
Cruz et al11 reported a 30 percent
prevalence of metabolic syndrome
in overweight youth with a family
history of type 2 diabetes, and
Weiss et al reported a rate of 50
percent in subjects with severe
obesity12. 

Pre-diabetes is common in chil-
dren and youth, as well as in adults.
Evaluation of overweight children
and adolescents by Sinha et al13

with oral glucose tolerance testing
showed 25 percent of children four
to 10 years of age and 21 percent
of adolescents 11-18 years of age

had impaired glucose tolerance
(IGT). The best predictor of IGT
was insulin resistance. Goran et al
reported IGT in 28 percent of
overweight Hispanic youth with a
positive family history of type 2
diabetes6. 

In my experience, the presenta-
tion of type 2 diabetes in pediatric
subjects is variable. Most of the
patients I see are symptomatic
from hyperglycemia at the time of
diagnosis. In addition, I see many
youth with type 2 diabetes who
have significant co-morbidities.
There are a number of studies that
have shown a high prevalence of
hypertension and dyslipidemia14.
At present, few studies have been

Puberty is a state of relative insulin resistance and there
is an increase in basal and stimulated insulin secretion
during the progression through normal puberty7. 

A s reported in 2002, 14 per-
cent of youth in the United
States are overweight (BMI

> 95th percentile for age and gen-
der) and 31.5 percent are at risk for
overweight (BMI > 85th for age
and gender)1. Insulin resistance
occurs in overweight children and
youth and is associated with the
metabolic syndrome, dyslipidemia,
vascular complications, and type 2
diabetes. Type 2 diabetes, which
was rare in the early 1990s, now
accounts for up to eight – 45 per-
cent of new-onset cases of diabetes
in youth2.  

There are several factors, in
addition to overweight, that lead
to insulin resistance in the pediatric
population. These include: seden-
tary lifestyle; gender; age; onset of
puberty; and genetics, which can
be seen as a positive family history
of type 2 diabetes and by the
propensity for type 2 to occur in
certain ethnic groups. 

In overweight adolescents,
approximately 50 percent of the
variance seen in insulin sensitivity is
accounted for by adiposity. As in
adults, it is visceral fat, rather than
total body fat, which correlates
with basal and stimulated insulin
levels and inversely correlates with
insulin sensitivity3. African-Ameri-
can youth are more insulin resist-
ant than Caucasian children. The
Bogalusa Heart Study showed that
African-American teens were more
obese and had higher insulin levels
to oral glucose and higher insulin
to glucose ratios compared to their
Caucasian counterparts4. Arslanian
has shown lower resting energy ex-
penditure, higher fasting and first
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done to determine the most effec-
tive treatment regimens, the role
that physical activity and nutrition
counseling play in improving
glycemic outcome and the most
effective ways to reduce cardiovas-
cular risk. If patients are sympto-
matic from hyperglycemia at diag-
nosis, I start them on insulin. If
they have a glucose level below
250 mg/dl and are relatively

asymptomatic, I find that
Metformin is effective as initial
therapy. The occasional child
found on screening can try lifestyle
changes; however, I find this is
rarely beneficial. The Treatment
Options for type 2 Diabetes in
Adolescents and Youth (TODAY)
trial, an National Institutes of
Health-funded multi-center (12
sites throughout the U.S.) study,
was recently launched and will
evaluate the glycemic outcome,
indicators of insulin resistance and
cardiovascular risk factors in youth
randomized to one of three treat-
ment modalities (Metformin alone,
Metformin plus Rosiglitazone and
Metformin) within two years of the
diagnosis of type 2 diabetes.

In conclusion, obesity and
sedentary lifestyle have a significant
impact on the health of children.
Low fitness levels, combined with
ethnicity and family history of dia-
betes, are driving the epidemic of
insulin resistance in increasingly
younger children. With the onset
of puberty comes even greater
insulin resistance. Depending on
the level of fitness, obesity, ethnici-
ty and family history, patients will
remain insulin resistant following
puberty. The longer the pubertal
insulin resistance remains, the
greater the chance for the develop-
ment of dyslipidemia, hypertension
and, pre-diabetes and overt type 2
diabetes, which itself, is a risk fac-
tor for cardiovascular disease.

There is little doubt that insulin
resistance has a major negative
effect clinically. Improving insulin
resistance should be a goal for
those treating youth with obesity,
metabolic syndrome, pre-diabetes
and diabetes. How best to do
this—lifestyle versus pharma-
cotherapy—has yet to be deter-
mined in youth, but should
become a research priority. EN
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